EXPERIMENTAL

Emulsions
In order to prevent effects of segregation by difierences in specific mass between the disperse and continuous phases, nearly densitymatched emulsions were employed. These were prepared as follows 1731: n-decane (Janssen Chgmic~, 99 + %, purified on an alumina column, or Merck, zur Synthese, purified by distillation followed by purification on an alumina column) and tetrachloromethane (Merck, p-a.) were mixed to produce a composition the density of which matched the density of the aqueous phase in which the organic mixture was to be emulsified. Either Na oleate or Aerosol OT (Na dioctyl sulphosuccinate) was used as emulsifier. For the ,4OT-stabilized emulsions a solution of Aerosol OT (Sigma, 10% Iw/v) solution, used as received) in water was employed with a concentration such that, after preparation of the emulsion, the desired concentration was reached. In the case of sodium oleate, the emulsifier was synthesized in situ from oleic acid and NaOH. An amount of oleic acid (Merck, reinst) was dissolved in the decane + Ccl4 mixture and the resulting mixture was dispersed in a NaOH (Merck Titrisol) solution of such a concentration that, after the emulsion preparation, all the oleic acid dissolved in the oil phase was neutralized and the pH of the emulsion would be about 10.
To prepare an emulsion, 5 ml of the oil mixture was dispersed in 495 ml water phase (AOT solution or NaQH solution) using an Ystral X40 dispersing unit with a generator for media with low viscosities (diameter 20 mm). The resulting emulsions had a logarithmic n.ormal droplet size distribution between 1 and 8 pm_ The average particle size was 2. 
Preparation of porous cores
To prepare a porous core, glass beads with a narrow size distribution were cleaned according to Eylander (Fig. 1) was heated to about 80°C. A sintered glass filter was placed at the bottom of the warm cylinder. The cylinder was filled with the cleaned glass beads, closed with another sintered glass filter and slowly cooled to room temperature. The Perspex cylinder shrinks around the filter plates, so keeping them in place. After cooling, the core could be mounted in the flow apparatus.
Two types of glass beads, with size distributions shown in Fig. 2 , were emaloyed. The specific mass of the glass was 2.810 kg rnm3. A typical pore size distribution in the porous medium formed from the 40-60 pm glass bead sample, as determined by mercury porosimetry, is shown in Fig. 3 . The overall porosity of the core was 0.375.
The < potential of the glass beads in a porous core was measured by means of the streaming potential, using Ag/AgCl electrodes for measuring the potential difference across the porous medium created by a flow. The absolute value of the c potential, in solutions containing both Na oleate and NaCl of total electrolyte content 0.005 M, increased from 101 to 110 mV with Na oleate increasing from 10W7 to lo-" 1M.
The c potential of the emulsion droplets was measured by electrophoresis using a Malvern Zetasizer III. 
Flow upparutus
A schematic picture of the flow apparatus is shown in Fig. 4 . At the left side, two liquid containers, filled with emulsion and water respectively, are connected to the pump. The pump used was either a Verde?-micro-gear pump or an ISCU model 2350 HPLC pump. The micro-gearpump had the disadvantage that the flow rate was not constant during an experiment, but decreased as the pressure increased because of the permeability reduction. The pressure difference across the core is measured using a Validyne differential pressure transducer. At the end of the apparatus the emulsion flows into a waste beaker. 
RESULTS
With pure water, the flow through the cores agreed with Darcy's law, with a constant permeability.
The two types of emulsions employed containing Na oleaLe or AQT, respectively, in spite of being very sim&r as regards the composition of bulk phases (this with regard to the effective Hamaker constant) and with regard to 5 potentials (thus with regard to electrostatic repulsion), nevertheless showed pronounced differences with regard to stability. The Na oleate-stabilized emulsion is much more stable at salt concentrations below the critical coagulation concentration than the AQT-stabilized one [7, 8] . This difference has been ascribed to the low interfacial tension in the AOT-stabilized emulsi .Jn, permitting coagulation to proceed at a measurable rate even at concentrations well below the CCC, through droplet deformation.
The permeability reduction effected by a stable (Na oleate-stabilized) emulsion depends both on the droplet diameter and on the velocity with which the emulsion passes through the medium; a larger emulsion droplet size, and a lower velocity rczsult in a more pronounced perme-323 ability reduction. Figure 5 shows the influence of droplet size, at equal flow rates. IIere, K/K, (KO is the initial permeability of the porous medium) is plotted vs. the number of pore volumes of disperse phase having passed through the porous medium (r is the volume of emulsion passed through divided by the total volume of the pores and ci, the volume fraction of disperse phase). It is striking that the permeability reduction is so pronounced, in view of the average size of the pores being so much in excess of the emulsion droplet diameter. Calculations on the forces experienced by a spherical emulsion droplet approaching a pore constriction [7, 9] show that the forces experienced by a droplet with smaller size than the pore constriction remain finite, while especially the hydrodynamic force experienced by a droplet exceeding the pore constriction size increases very strongly as long as the emulsion droplet remains spherical. Thus, the data shown in Fig. 5 can be understood by assuming that the core investigated had a large number of pore constrictions with diameter smaller than 8.9 urn, and a much smaller number of pore constrictions smaller than 5.1 urn.
The influence of the flow rate at constant emulsion droplet size (Fig. 6) shows that a high flow rate, being accompanied by a large pressure gradient, permits some of the droplets which are blocking pore constrictions to be squeezed through them.
We investigated the droplet size distribution of an emulsion stabilized by Na oleate with a rather broad initial size distribution (Fig. 7) after h;Aving passed through the porous medium (Fig. 8) . Although the droplet size distributions are rather noisy, the main effects are beyond any doubt. Initially, the larger droplets-are preferentially retained, how- Ko, ever, after some por e volumes of disperse phase have been passed through the medium, the outflowing emulsion is relatively rich in large droplets. At this stage, therefore, small droplets are retained more efficiently than larger ones. This is ascribed to the pressure gradient in the core increasing with decreasing permeability; during the initial stages of the flow, a large number of large droplets are retained in the core, but these are squeezed through the constrictions retaining them in later stages. Influence of added electrolyte and of type of emulsifier on permeability reduction by emulsions flowing through porous medium. K, Ko, z, ci, dp as in legend to Fig. 5 . (a) Na oleate-containing emulsions: flow rate, 2.5 ml rain-l; [NaCI] = 0 M, dp = 6 pm;
[NaC1] --0.005 M, dp --6 pro; [NaCI] = 0.1 M, d~ = 3 ~n. Co) AOT-containing emulsion: flow rate, 4 ml rain-~; [AOT] ffi 0.001 M, dp = 2.5 pro.
emulsion droplets and wall material is reduced by adding NaC1, the permeability reduction proceeds faster; the permeability reduction after a given number of pore volumes of disperse phase has passed through the core is about twice as large in the presence of 0.005 M NaCI as in its absence. Nevertheless, the final permeability is larger in the presence of salt than in its absence. Figure 9 shows in addition the permeability reduction on passage of an emulsion containing AOT as emulsifier. It is seen that the permeability reduction is comparable to that of a Na oleate-stabilized emulsion in the presence of substantial amounts of electrolyte.
DISCUSSION
Our results confirm the observations by Soo and co-workers [3,4] that both stable and unstable emulsions characterized by similar chemical composition of the disperse phase (thus similar Hamaker constants) reduce the permeability of a porous medium through which they flow, although the latter do so much more efficiently 'Ian the former. It is remarkable that the diEerence in permeability reduction is also found when comparing a Na oleate-stabiiized emulsion at lcw electrolyte content with one containing AOT as emulsifier (Fig. 9) , since from g potential values in both cases, a pronounced electrostatic repulsion is expected between emulsion droplets mutually, and emulsion droplets and wall.
In separate publications ions. The difference in stability between the two emulsions may not come as a surprise, since the AOT concentration is less than half the CMC in pure water, which makes the interfacial film less than close-packed. Howevel* for lcrndeformed droplets there is a pronounced electrostatic repulsion (taking the [ potential as an approximate value for the Stern potential), and for emulsion coalescence to occur, a coagulation step is first necessary which is expected to be prevented by electrostatic repulsion.
However, as shown in separate publications [7, 8] , the electrostatic repulsion between the emulsion droplets can be completely circumvented at these low interfacial tensions. Instead of a repulsion, an attraction results when two droplets approach each other, forming a flat contact area, the droplets remaining separated by the distance correqpondi;;lg to the secondary minimum in the interaction energy vs.
